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Abstract  

Two experiments inves t iga ted  the  e f f e c t s  on aud i to ry  s i g n a l  d e t e c t i o n  

of introducing v i s u a l  cues t h a t  were p a r t i a l l y  co r re l a t ed  with the  s i g n a l  

events .  The r e s u l t s  were analyzed i n  terms of a de t ec t ion  model t h a t  

assumes t h a t  such cue-signal  c o r r e l a t i o n s  w i l l  not  a f f e c t  s e n s i t i v i t y ,  but 

w i l l  i n s t ead  cause the  sub jec t  t o  develop sepa ra t e  response b i a ses  f o r  each 

cue The model s p e c i f i e s  a func t iona l  r e i a t i o n s h f p  between Lhe asymptotic 

va lues  of these  cue-contingent b i a ses ,  The o v e r a l l  r e s u l t s  of t h e  exper i -  

ments supported t h e  de t ec t ion  assumptions of t he  model and the  genera l  b i a s  

l ea rn ing  assumption, but ind ica ted  a more complex l ea rn ing  process  than 

t h a t  spec i f i ed  by the model. 
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I S e v e r a l  current  models f o r  s i g n a l  d e t e c t i o n  r ep resen t  performance a s  

j o i n t l y  determined by psychophysical v a r i a b l e s  ( e r g . ,  s i g n a l  parameters) 

l and such "background" v a r i a b l e s  a s  r e l a t i v e  frequency of va r ious  s i g n a l  

I events  on previous t , r i a l s  (Atkinson, C a r t e r e t t e ,  & Kinchla, 1962; Luce, 

1963; Swets, Tanner & B i r d s a l l ,  1961)" Typ ica l ly  these  background v a r i a b l e s  

determine t h e  response b i a s  parameters of a h y p o t h e t i c a l  dec i s ion  process  

r e l a t i n g  signal-produced sensory s t a t e s  t o  o v e r t  responses ,  To the  e x t e n t  

t h a t  the s u b j e c t ' s  choice i s  c o n t r o l l e d  by these  b i a s e s ,  r a t h e r  than by 

l d i sc r imina t ive  information provided by the s i g n a l  p r e s e n t a t i o n ,  t he re  i s  

a formal s i m i l a r i t y  between d e t e c t i o n  experiments and p r o b a b i l i t y  l e a r n i n g  

I experiments (Atkinson, Bower, & Crothers ,  1965, Ch. 5 ) .  The p resen t  study 

I d e a l s  with a de t ec t ion  s i t u a t i o n  analogous t o  p r o b a b i l i s t i c  d i sc r imina t ion  

~ l ea rn ing  I n  a p r o b a b i l i s t i c  d i sc r imina t ion  l ea rn ing  experiment each t r i a l  

i s  i n i t i a t e d  by one of a s e t  of cues ,  each of which corresponds t o  a pa r -  

t i c u l a r  p r o b a b i l i t y  d i s t r i b u t i o n  over t h e  s e t  of p o s s i b l e  t r i a l  outcomes. 

'1'Eie cxomparable d e t e r t i o n  s i t u a t i o n  i s  c a l l e d  a cued d e t e c t i o n  t a s k ,  Here 

I t.ach d e t e c t i o n  t r i a l  i s  i n i t i a t e d  by one of a s e t  of cues,  and each cue 

corresponds t o  a d i s t i n c t  p r o b a b i l i t y  d i s t r i b u t i o n  over the p o s s i b l e  s i g n a l  

the p r o b a b i l i t y  1 events .  (That i s ,  whenever a t r i a l  i s  i n i t i a t e d  by cue C i  

, of s i g n a l  event S i s  given by 'i j .) I f  t h e s e  d i s t r i b u t i o n s  a r e  d i f f e r -  j 

e n t  the cues may be s a i d  t o  be c o r r e l a t e d  with t h e  s i g n a l  events  The 

r e s u l t s  of p r o b a b i l i s t i c  d i sc r imina t ion  l e a r n i n g  experiments (Popper & 

Akkinson, 1958; Atkinson, Bogartz, & Turncr,  1959) suggest t h a t  c o r r e l a t e d  

I C U E S  should come to c o n t r o l  behavior i n  a cued d e t e c t i o n  t a s k ;  i . e < , ,  a 

sub jec t  w i l l  come t o  hold s e v e r a l  response b i a s e s  s imultaneously,  with t h e  

e f f e c t i v e  b i a s  on a given t r i a l  being dctermirled by t h e  cue on t h a t  t r i a l .  
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The possibility of multiple-response biases was investigated in the 

context of an auditory two-interval forced-choice detection task involving 

three visual cues. The results were analyzed in terms of an extension of 

a detection model developed by Atkinson & Kinchla (1965) and Luce (1963). 

For present purposes this model can be outlined as follows. Each trial of 

Cl, C2, or C The the experiment is initiated by one of three cues: 

experimenter then presents the signal in interval 1 or interval 2. It is 
3' 

assumed that with probability u the occurrence of a signal in interval i 

gives rise to an 11 unambiguous" sensory state s whereas with probability i' 

1 - u an ambiguous sensory state occurs, The ambiguous sensory state is 

denoted by bh when the cue is Ch. If the stimulus presentation elicits 

s the subject makes response A indicating that he thought the signal 

was in interval i. If the ambiguous sensory state bh occurs the subject 
i i 

makes response Al with probability p where n is the trial index. h,n' 

The p can be thought of as momentary response bias parameters associated 

with the sensory states bh, whereas u is a measure of the subject's 

sensitivity to the signal. 

h,n 

occur on trial n: 

- the occurrence of cue C (h = 1, 2, 3); 'h,n. h 
- presentation of the signal in interval 

'i ,h' 

A the occurrence of response A. (j = 1, 2); 

Ek,n: 

i (i = 1, 2); 

2 ,n' J 
presentation of information feedback indicating that the 

correct response was % (k = 1, 2). 

In our experiments correct information feedback was given to the subject 



on every t r i a l ,  i. e. ,  EL always occurred on an Sl t r i a l ,  and E2 on 

an S2 t r i a l .  The r e l a t i o n s h i p  between the cues and t h e  s i g n a l  events  i s  

summarized by the cond i t iona l  p r o b a b i l i t i e s :  

( h  = 1, 2, 3 ) .  

If t he  cues a r e  uncor re l a t ed  wi th  t h e  s i g n a l  events ,  o the r -  

wise t h e  schedule i s  s a i d  t o  be cue dependent o r  c o r r e l a t e d .  

Yl = Y 2  - - y3 

The proba- 

b i l i t y  of cue Ch on any t r i a l  i s  denoted by \ (h = 1, 2, 3). 

From t h e  assumptions of t h e  model i t  follows t h a t  

Pr(A l , n  I S  1,n  C h,n ) = u + ( l - ~ ) E ( p ~ , ~ )  

Pr(A I s  ) = ( l - u ) E ( P h  n)  9 , 1,n 2,n h,n 

) denotes the expec ta t ion  of p These equat ions i n  t u r n  where E(Ph,n h ,n"  

imply 

Pr(A 1,n IS l , n  C h,n ) = Pr(A l , n  [ S  2,n C h,n ) + u c 11 

For the  two-interval  forced-choice s i t u a t i o n  t h e  r ece ive r -ope ra t ing -cha rac t e r -  

i s t i c  (ROC) curve i s  a p l o t  of t he  observed p ropor t ion  of " h i t s "  

aga ins t  t he  observed p ropor t ion  of ' ' f a l s e  alarms" 

model implies  t h a t  f o r  each value of t h e  b i a s  parameter t he  p o i n t  [Pr(Al( S e ) ,  

Pr(AII Sl)] 

u .  

t h e  model implies t h a t  

&(A1/S1) 
* 
Pr(AII S 2 ) .  The p resen t  

w i l l  f a l l  on a l i n e  t h a t  has s lope  one and Pr(AII Sl) i n t e r c e p t  

I f  a block o f  Ch t r i a l s  i s  used t o  determine a p o i n t  on the ROC curve 

A 

E[&(AII  SICh) 1 = u + E I P r ( A l \  S2Ch)] 

where &(All Sich) i s  the observed p ropor t ion  of A1 responses  over those 
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. Thus if the ROC curve is 'i Ch trials on which the signal event was 

'h , formed by plotting the points [ Pr(AII S2Ch), 

the model predicts that the "expected" ROC curve will be a straight line 

A A(Al( SICh) 1 for each 

with slope one and intercept u. Moreover it can be shown that under very 

general assumptions on the p 

- &(A 1 S C ) 

Consequently to estimate u we use the consistmt estimator 

process the difference P;(All SICh) 
h,n 

converges in probability to u as the block size increases. 1 2 h  

2 = &(All SICh) - &-(All S2Ch) ., [ 31 

Note that this estimator can be used to obtain separate estimates of u 

for each cue. To estimate the response bias 

estimator suggested by Eq. 2: 

on Ch trials, we use the 

For purposes of analysis a linear learning model for the response 

biases w i l l  be considered; namely 

1 - 83 pli , ii , if 'h,n) b h i ~ >  S 2,n = I  'h,n+i [ 51 

, otherwise bh 9n 

where b denotes the occurrence of the ambiguous sensory event bh on 
h,n 

trial n. This model predicts that 

= lim E(p 'h 
'h n j m  h,n) = yh + (l-yh)q [ 61 

where 9 = e l / e .  If cp = 1, the limiting response bias on Ch trials 

matches the conditional probability of an SI signal event given cue . 'h 



Experiment I investigated the effects of introducing a cue-signal 

correlation after subjects had had considerable practice on an uncorrelated 

schedule e 

Experiment I 

Method 

The task employed was the two-interval, forced-choice detection of a 

loo msec. 1000 cps signal in a background of band-limited Gaussian noise. 

The noise was produced by a Grayson-Stadler Model 455-B noise generator, 

and was presented binaurally to the subject over Permaflux PDR-10 earphones. 

Each subject sat facing a display on which there were two arrays of lights: 

a vertical array of three cue lights, and a horizontal array of three 

interval lights. One of the cue lights came on at the beginning of each 

trial. Cne second later the three-interval lights blinked ong one after 

the other, starting from the left. Each interval light was on for 100 msec. 

and there was a 500 msec. off period between the offset of one light and 

the onset of the next light. The first interval light was an alert signal, 

while the next two indicated the test intervals.* 

tone was added t o  the background noise during one of the test intervals. 

The subject's task was to decide which interval contained the signal. He 

was given 1.7 see. following the second test interval to indicate his choice 

by pressing a pushbutton located directly under the appropriate interval 

light. At the conclusion of the response period information feedback was 

provided by a 1-sec. illumination of' the pushbutton corresponding to the 

correct response. the inter- 

trial delay was 2 sec. 

On every trial the signal 

The total time for each trial was I+ sec.; 



The correspondence between these experimental events and the notation 

introduced earlier is as follows: 

to C1, C2, or C respectively, beginning with the uppermost cue light. 

The occurrence of the signal in the first or second test interval corresponds 

the occurrence of a cue light corresponds 

3 

to Sl and S respectively. Similarly, A1 denotes a response indicat- 

ing that the subject believed the signal occurred in the first test interval 

and A2 

second test interval. The illumination of the A response button corre- 

sponds to the information feedback event 

button corresponds to . 

2 

denotes a response indicating that the signal occurred in the 

2 

2 El> and illumination of the A 

E2 

The programming of events during each experimental session, as well 

as the recording of the data, was fully automated. Program information was 

automatically read from computer-produced punched paper cards. The trial 

number, cue light, the interval in which the signal appeared, the subject's 

response, and his response latency were automatically recorded on similar 

cards for eventual computer analysis. 

A particular noise level was selected f o r  each subject during three 

days oI" pleilriiiilai-j- tzstlng. Dwizg these sessions t.hp three cue lights 

occurred equally often and were uncorrelated with the signal events. 

subjects ran through 360 trials each day with a fixed signal amplitude. 

The 

The noise amplitude was varied until the experimenter was satisfied that a 

level had been reached at which the subject would obtain approximately 75 

per cent correct responses. The noise was then kept at this level for that 

particular subject throughout the remainder of the experiment. The signal- 

to-noise ratios (E/l!io) selected in this manner were approximately 9,L.  
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The experimental subjects were Stanford University students who had 

been screened for normal hearing. 

hour. 

mance would be required in order for them to continue in the experiment. 

Each daily run of 360 trials took approximately 45 minutes including a 

10-minute rest period half way through the run. 

They were paid at the rate of $2.50 an 

In addition they were told that a certain minimum level of perfor- 

In the main experiment, which began after the three-day calibration 

period, only two of the cue lights were used; 

often, so that hl = h2 = 1/29 X = 0, Twelve subjects were each run 

through 360 trials a day for 24 days. 

no cue-signal correlation, i.e., 

unannounced to the subjects, a partial cue-signal correlation ( y  

= 1/4) was introduced and maintained for the next ten days. 

these two appeared equally 

3 
During the first 9 days there was 

- = l/2. At the start of day 10, 71 - 72 

= 3/4, 1 

Finally at 

the start of day 21 the subjects were returned unannounced to the original 

uncorrelated schedule. A l l  randomizations in this experiment (and in 

Experiment 11) were effected by randomly permuting a fixed number of events 

72 

for each daily session; e.g., for each day in the first phase of Experiment 

I exactly 180 trials were Cl and 90 of these were Thus the signal 

events Sl and S2 occurred equally often within each of the 24 daily 

sessions, However, during days 10 through 20 the SI signal occurred 

75 per cent of the time when 

time when C2 was presented. 
C1 was presented and only 25 per cent of the 

Results 

The overall results of Experiment I are swnmarized in Table 1, which 

shows daily estimates of' the relevant probabilities. These estimates are 

averages of the corresponding statistics for individual subjects. The 

8 
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most pertinent feature of these data is the separation of the conditional 

probabilities of a correct response 

duction of a cue-signal correlation on day 10. 

estimates of Pr(AII SIC1) are consistently larger than those of Pr(A I S C ) 

for each day of the cue dependent phase, while 

smaller than 

least two days after the return to an uncorrelated schedule. Taken as a 

whole these results indicate a significant conditional response bias effect 

controlled by the trial initiating cues. This interpretation is supported 

by an analysis of individual subject's performance over the last three days 

of the initial uncorrelated schedule, the correlated schedule, and the 

terminal uncorrelated schedule. The only statistically significant cue 

effects occurred in the correlated phase; here performances to either 

signal as a function of the cue event were significantly different (p < .O5 

using a Mann Whitney U Test ) .  

Pr(Ail Sich) effected by the intro- 

Beginning with day 11 the 

1 1 2  

is consistently &-(A21 S2C1) 
A 

Pr(S I S  C ) .  These bias effects appear to persist for at 2 2 2  

Figure 1 presents daily estimates of the sensitivity parameter computed 

separately for Cl and C2 trials using the data in Table 1 and Eq. 3; 

these esLiiriates are denoted 

appear to be any consistent difference in sensitivity on 

trials. Figure 1 does suggest an initial decrease in sensitivity over 

days 1 through 4, followed by a gradual, roughly monotonic, increase be- 

ginning on day 5. These changes do not appear to be related to the cue-signal 

correlation. 

A A c1 and 0. respectively. There does not 2 

c2 Cl and 

Figure 2 shows daily estimates of the average values of the response 

bias parameters pl and p2. These estimates were computed from the data 

11 



i n  Table 1 using E q .  4. 

t i ngen t  b i a s  i n  favor  of response 

periment.  

Inspec t ion  of t he  f i g u r e  i n d i c a t e s  t h a t  a noncon- 

ex i s t ed  a t  t he  beginning of the  ex- Al 
This asymmetry was el iminated by the  i n i t i a l  uncorre la ted  

schedule,  and with the in t roduc t ion  of a cue-s igna l  c o r r e l a t i o n  on day 10 

the  cue-contingent b i a s e s  separa te  a s  pred ic ted  by the  model. 

s1 = .62, whlle 

phase a r e  roughly symmetrical around .5, cp ( i n  Eq. 6) should be around 1.0. 

By day 1-9 

p2 = .40. Since the  es t imates  of p and p i n  t h i s  A 

1 2 

p1 and p a r e  .75 and .25, 2 I n  t h i s  case the asymptotes prc,dict,ed f o r  

r e spec t ive ly .  It i s  not c l e a r  from t,he graph whether t he  b i a ses  would have 

continued t o  increase  toward these  asymptotes i f  t h e  c o r r e l a t e d  schedule 

had been continued beyond day lg,, This  ques t ion  led  t o  t h e  design of Ex- 

periment 11. I n  t h i s  second experiment sub jec t s  were given ample time t o  

achieve an asymptotic response 'bias on each cue,  (Latency d a t a  from Experi-  

ment I a re  repor ted  i n  conjunct ion with the  r e s u l t s  of Experiment 11.) 

Experiment 11 

Met hod 

The apparatus and the method of present ing  the  s t i m u l i  and recording 

responses were i d e n t i c a l  t o  those of Experiment I. However i n  Experiment I1 

a l l  three cues were employed with hl = A2 = X = 1/39 and t h e  same cue 3 
s i g n a l  co r re l a t ions  obtained throughout t he  experiment,: yl = 3/4, y2 = 1/2, 

= 1/4. Thus cues C1 and C were c o r r e l a t e d  wi th  t h e  s i g n a l  events ,  
y3 3 
whereas cue C2 was uncorre la ted .  A s  i n  Experiment I t h r e e  pre l iminary  

sess ions  were spent i n  e s t a b l i s h i n g  a noise  l e v e l  for each sub jec t  such 

t h a t  he averaged close t o  7 5  per  cen t  c o r r e c t  responding.  (During these  

prel iminary sessions C was the only  cue employed.) Following the  pre-  

liminayy sess ions  ten  sub jec t s  were each run f o r  360 t r i a l s  a day f o r  

20 consecutive days. 

2 
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Resul t s  

The ana lys i s  of Experiment I1 focused on i n d i v i d u a l  subjec t  da t a .  

Table 2 p re sen t s  es t imates  of the r e l e v a n t  cond i t iona l  p r o b a b i l i t i e s  f o r  

each of t he  t e n  sub jec t s .  Each est imate  i s  the  corresponding mean pro- 

po r t ion  f o r  a s ing le  subjec t  over t h e  l a s t  t e n  days of the experiment. 

Thus, f o r  example, each es t imate  of Pr(A ) i s  based on 3600 t r i a l s .  For 1 

each subjec t  t hese  da t a  i n d i c a t e  t h e  p red ic t ed  response b i a s  e f f e c t s  a s  a 

func t ion  of the  cues:  i n  every case ?r(AASIC1) > &(AllS1C2) > &(A IS C ) 1 1 - 3  
and G ( A  IS C ) < €%(A I S  C ) < P$(A ( S  C ) .  Table 2 a l s o  i n d i c a t e s  t h a t  

1 2 1  1 2 2  1 2 3  

t h e r e  was no apparent o v e r a l l  tendency t o  favor  one response or t he  o the r  

independent of t he  cue and s igna l  condi t ion:  the  group mean of Pr(A1) i s  

.499 and i n d i v i d u a l  sub jec t  values a r e  a l l  q u i t e  c lose  t o  .5. 

Figure 3 shows ROC p l o t s  f o r  each of the  sub jec t s  toge ther  with the  

b e s t  f i t t i n g  (by l e a s t  squares)  l i n e a r  ROC curve having slope one. Inspec- 

t i o n  of t he  f i g u r e  i n d i c a t e s  t h a t  by and l a rge  the pred ic ted  ROC curves 

provide q u i t e  a good f i t .  These r e s u l t s  support  t h e  assumption t h a t  

s e n s i t i v i t y  i s  independent of p re sen ta t ion  schedules and cue condi t ions ;  

dev ia t ions  from such independence would produce e i t h e r  n o n l i n e a r i t y  o r  

l i n e a r i t y  wi th  a s lope not  equal  t o  one. 

Figure 3 r e v e a l s  considerable i n d i v i d u a l  d i f f e rences  i n  the  spacing 

of p o i n t s  along the  ROC curve.  According t o  the  model these  d i f f e rences  

m u s t  r e f l e c t  d i f f e r e n c e s  i n t h e  cond i t iona l  response b i a s e s  of ind iv idua l  

s u b j e c t s .  Table 3 shows group and ind iv idua l  sub jec t  es t imates  of the  response 

b i a s e s  P l  p3 
The es t imates  were computed using Eq. 3 and the  

d a t a  i n  Table 2. A s  would be expected from Fig.  3 the  pred ic ted  order ing  

p1 > 5, > S3 A A 

1’ p29 i s  found i n  every case ,  and the  group averages of 
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and P3 a r e  q u i t e  c l o s e  t o  the  p red ic t ed  probabili ty-matching va lues  

of' 0753 .50, and .25. However the  e s t ima tes  f o r  i n d i v i d u a l  s u b j e c t s  r e v e a l  

considerable  v a r i a b i l i t y ;  the pl e s t ima tes ,  f o r  example, range from 

.866 t o  .584. 

parameter 

matching, i t  i s  not  poss ib l e  f o r  the model of Eq. 5 t o  p r e d i c t  t he  p a t t e r n s  

of dev ia t ion  revealed by Table 3. The ph e s t ima tes  f o r  sub jec t  7 ,  f o r  

example, i n d i c a t e  b i a s e s  which dev ia t e  from matching in the d i r e c t l o n  of 

opt imal  performance ( l o e m ,  i n  the d i r e c t i o n  of p = 1 given y > 1/2¶ 

and p = 0 given y < 112) f o r  both y = -75 and 7 = .25, whereas Eq. 6 

r e q u i r e s  t h a t  i f  pl i s  g r e a t e r  than 

Althollgh the p red ic t ed  asymptotes i n  Eq. 6 depend on the 

cps and thus allow f o r  i n d i v i d u a l  dev ia t ions  from p r o b a b i l i t y  

m u s t  a l s o  be g r e a t e r  than yl' p3 

( c f .  subject  10) .  Altogether  fou r  s u b j e c t s  (2 ,  5 >  6, and 7 )  show 
y3 
uniform dev ia t ions  i n  t h e  optimal direct , ion,  and t h r e e  (1, 2 ,  and 4 )  show 

m i f o r m  deviat , ions i n  d i r e c t i o n  of non-discr iminat ive performance ( i . e . ,  

i n  t h e  d i r e c t i o n  of p = .5 f o r  a l l  cues ) .  I t  i s  noteworthy, however, 

t h a t  i n  s p i t e  of t he  very l a r g e  number of t r i a l s  involved here  no s u b j e c t  

adopted a maximizing s t r a t e g y .  

Table 3 a l s o  shows group and i n d i v i d u a l  s u b j e c t  e s t i m a t e s  of u com- 

puted sepa ra t e ly  f o r  each cue condi t ion.  

from t h e  d a t a  i n  Table 2 using Eq. 4. 

es t ima tes  i n  Table 3 show u2 t o  be s l i g h t l y  g r e a t e r  t han  u and u3,  

t h e r e  was no cons i s t en t  o r d i n a l  r e l a t i o n s h i p  between s e n s i t i v i t y  and cue 

condit,ion f o r  the i n d i v i d u a l  s u b j e c t s .  A nonparametric t e s t .  f o r  such a 

r e l a t i o n s h i p  (Kruskal and Wal l i s  , 1952) was not, s i g n i f i c a n t  . 

These e s t i m a t e s  were computed 

Although t h e  average s e n s i t i v i t y  

A A A 

1 
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Table 3 

'h 
Three cue study: Estimates of u and 

A ^a h -  - &(All SICh) - &(All S2Ch) 'h ,.. = f?r(AJ S2Ch)/ l  - ah 
Subject 

3 C c2 3 C c2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Aver age 

0.441 

0.384 

0.371 

0 153 

0 177 

0.242 

0.151 

0.233 

0.087 

21 2214 

0.244 

0.445 

0.355 

0.462 

0.127 

0.270 

0.226 

0,155 

0.3l.2 

0.118 

0.226 

0.270 

0.440 

0.265 

0.358 

0.144 

0.241 

0.200 

0.166 

0.241 

0.135 

0.184 

0.237 

0.584 

0.687 

0.827 

0 9 693 

0.866 

0.809 

0.860 

0.7 58 

0.847 

0 i 834 

0 -776 

0.474 

0.561 

0.302 

0.470 

0.473 

0 e 327 

0.511 

0.516 

0.353 

0.451 

o .444 

0.423 

0.306 

0.144 

0.306 

0.171 

0 e 167 

0.169 

0.304 

0 4293 

0.379 

0.266 



Latency Resu l t s  

The l a r g e  number of t r i a l s  employed i n  Experiments I and 11 provided 

a unique opportuni ty  t o  o b t a i n  good e s t ima tes  of t he  l a t e n c y  d i s t r i b u t i o n s  

of i n d i v i d u a l  s u b j e c t s .  I n  a d d i t i o n  it  was expected t h a t  t h e  e f f e c t s  of t he  

cue-signal  c o r r e l a t i o n s  might be r e f l e c t e d  i n  cond i t iona l  response time d i s -  

t r i b u t i o n s  This expec ta t ion  was not  confirmed. Analysis of the l a t ency  

d a t a  from both experiments i n  terms of cue condi t ions f a i l e d  t o  r e v e a l  any 

s i g n i f i c a n t  e f f e c t s .  The d a t a  d ld  r e v e a l  a c o n s i s t e n t  50 msec. d i f f e r e n c e  

i n  mean response times on c o r r e c t  and i n c o r r e c t  t r i a l s .  

t h i s  r e s u l t  fo r  Experimerit I .  

Experiment I1 revealed a s i m i l a r  d i f f e r e n c e  f o r  each s u b j e c t .  

a r e  c o n s i s t e n t  with the  d e t e c t i o n  model considered he re  i f  we assume t h a t  

response t imes following an unambiguous sensory s t a t e  ( s  

r e a l i z a t i o n s  of a random va r i ab le  

ambiguous sensory s t a t e  (b  

random v a r i a b l e  T . It i s  e a s i l y  shown t h a t  t hese  assumptions imply a 

constant d i f f e rence  between mean response t imes on c o r r e c t  and i n c o r r e c t  

t r i a l s  independent of cue condi t ion (i .e independent of response b i a s )  

Fig7ire 4 shows 

Analysis of i n d i v i d u a l  s u b j e c t  l a t e n c i e s  i n  

These r e s u l t s  

o r  s2) a r e  1 

Tu9 while response times fol lowing any 

b2, or b ) a r e  r e a l i z a t i o n s  of another 1’ 3 

a 

Examination of t h e  i n d i v i d u a l  sub jec t  Latency d i s t r i b u t i o n s  revealed 

r a t h e r  cons i s t en t  i n d i v i d u a l  d i f f e r e n c e s  i n  t h e  forms of t h e s e  d i s t r i b u t i o n s .  

Figure 5 p re sen t s  t h e  i n d i v i d u a l  s u b j e c t  d i s t r i b u t > i o n s  computed over suc- 

cessive foiclr-day blocks.  

responses over a l l  sub jec t s  f o r  each €our-day block. 

grams i n  the other  columns r e p r e s e n t s  1440 responses  by a s i n g l e  sub jec t - -  

a l l  of h i s  responses over t he  four s e s s ions .  The i d f o s y n c r a t i c  na tu re  of 

t hese  d i s t r i b u t i o n s  i s  q u i t e  s t r i k i n g ;  

The r ight-hand column r e p r e s e n t s  a pool ing of 

Each ot’ t be  h i s t o -  

each sTab j e c t  ’ s d i s t r i b u t i o n  

18 
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Figure 4 ,  Average response i a t e n c i e s  for cor rec t  and inco r rec t  responses 
during Experiment Io 

SUBJECT 
I 2 3  D A Y S ,  

I uhh 
4 5 6 7  8 9 IO AVERAGE 

Figure 5. Response l a t ency  h i s t c g r m s  f c r  ind iv idua l  sub jec t s  over 
successive blocks of f o u r  days during Experiment II, The 
hor i zon ta l  axis i s  broken i n t o  I1 i n t e r v a l s o  The 11 th  
(r ight-hand)  i n t e r v a l  r ep resen t s  a l l  t i m e s  g r e a t e r  than  
1 seta ; t h e  o t h e r s  represent  l a t e n c i e s  less  than  1 s e e o  i n  
>1 s e e ?  increments,  
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maintains  a cons i s t en t  and unique form over a t  l e a s t  t he  l a s t  fou r  blocks 

of t r i a l s .  Not s u r p r i s i n g l y ,  i n  view of the considerable  i n d i v i d u a l  

d i f f e r e n c e s  i n  the d i s t r i b u t i o n s ,  the group l a t ency  curve provides  a very 

decept ive r e p r e s e n t a t i o n  of t he  " typ ica l "  sub jec t :  compare the  d i s t r i b u -  

t i o n s  f o r  sub jec t  6,  f o r  example, t o  t he  average d i s t r i b u t i o n .  

Discuss ion 

The r e s u l t s  of Experiments I and I1 i n d i c a t e  t h a t  s u b j e c t s  i n  a s i g n a l  

d e t e c t i o n  t a s k  a r e  ab le  t o  d i sc r imina te  s e v e r a l  concurrent p robab i l i t , y  

d i s t r i b u t i o n s  over t h e  s i g n a l  events  and t o  employ d i f f e r e n t  response 

b i a s e s  on a t r i a l - b y - t r i a l  b a s i s  a s  a func t ion  of t he  cues corresponding 

t o  these  d i s t r i b u t i o n s .  One impl i ca t ion  of t h i s  f i n d i n g  i s  t h a t  a cued 

d e t e c t i o n  t a s k  can be used t o  simultaneously generate  a wmber of p o i n t s  

mtheFODCspace. An ROC curve generated i n  t h i s  f a sh ion  has  t h e  advantage 

of no t  being a f f ec t ed  by session-to-session changes i n  s e n s i t i v i t y  ( c f .  

F i g .  l), s i n c e  each s e n s i t i v i t y  l e v e l  i s  e q u a l l y  r ep resen ted  a t  each p o i n t  

of t he  curve.  

The de tec t ion  model considered he re  appears t o  g ive  an adequate account 

of those aspects  of t he  d a t a  t h a t  do not  depend on t h e  d e t a i l s  o f  t he  r e -  

sponse b i a s  learning process .  In  a d d i t i o n ,  when a l a r g e  number of  t r i a l s  

were run on the c o r r e l a t e d  schedule t h e  simple l i n e a r  l e a r n i n g  model accu- 

r a t e l y  p red ic t ed  average sub jec t  s t a t i s t i c s ,  such a s  the  mean response 

b i a s  f o r  each cue, and c o r r e c t l y  ordered i n d i v i d u a l  s u b j e c t  performances 

on each cue. However the model d i d  not  provide an adequate account of t h e  

d e t a i l s  of i n d i v i d u a l  performances. This i s  no t  s u r p r i s i n g  i n  view of the 

complex and qu i t e  i d i o s y n c r a t i c  na tu re  of t he  i n d i v i d u a l  s u b j e c t ' s  p e r f o r  - 

mance i n  t h i s  t a s k ,  I n  a d d i t i o n  t o  the va r i ance  i n  o v e r a l l  response 

20 



biases observed in this experiment, a further analysis revealed a large 

amount of variability in the session-to-session performance of individual 

subjects. 

average subject results should probably be attributed to its reflecting 

the gross features of a rather complex learning process. It is clear that 

in order to explain the bias learning process in detail a more complex 

learning model (which takes explicit account of the discrimination aspects 

of the situation) will be required. 

In view of these findings the success of the model in predicting 
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Footnotes 
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and Space Administration, Grant No. NGR-05-020-036e 

*The purpose of the alert signal was to eliminate a time-order error 

(favoring the second interval) that had been observed in earlier experiments. 
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